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Wrtte Head pES^^ Bump to / 

CONTO.OL Write Saturation 



FnsLP OF THE Invention 



,/ {Pctetedyiagdwd>ofnifliiBfecro' 

The present invention relates to,wijfe^hejaj|^ a^^ 



controUiflft write safuyptjoiy y' 



I: using lencgrliBidsiiinnt 
ttAfdUcdiivtf 



10 Background of the Inventi6n 
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I ^ typicd n affletic j^^^ ma^etic disk, a slider that tos. DeieMi wudi 

read and write heads, a suspension aim above the rotating disk and an actuator arm that 
swings die suspension arm to place the read and xvrite heads over selected circular tracks 
15 Qu the rotatmg disk. The suspension arm biases the slider into contact with the surface of 
the disk when die disk is not rotating but, when (he disk rotates, air is swirled by ^e 
rotating disk adjacent an air bearing surface (ABS) of ft? alider causiiig the slider to Tide 
on fin air bearing a sHgfat distance fiom the snr&ce of the rotating disk. When the slider 
rides on the air bearing the write and read heads are CTployed for writing magn^c 
transitions to and readijig M^^tl.9.§ig^l.f^^l<?s fh>m the rotathg disk. The read and 
write heads are connected to processing circuitiy that operates according to a con^uter 
program to implement the writing and reading functions. 
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FIG. 1 is a side aoss-sectxonal elevation view of a piggyback magiietic head 100, 
which includes a write head poxtion 102 and a read head poztion 104» the read head 
portion employing a spin vajve sensor lOtf. FIG. 2 is an air beaitng surface (ABS) view 
of FIG. 1. The spin valve sensor 106 is sandwiched between nonmagnetic electrically 
5 insulative ftrst and second read gap layers 108 and 110, and the read gap layers arc 
sandwiched hctween ferromagnetic iirst and second shield layers 112 and 114. In 
response to external magnetic iidds, the resistance of the spin valve sensor 10$ changes. 
A sense cuTnent (I|) conducted through the sensor causes these resistance changes to be 
manifested as potential changes. These potential changes are then processed as readback 
1 0 signals by processing circuitry. 

The write head portion 102 of tiie magnetic head 100 mcludes a first coil layer 
122 embedded in a first insulation layer 116. A second insulatioo laver 120 is employed 
to planarizc the head after the second pole tip process so that a subsequent second layer 
oQil can be fanned on a substantiaily planar surfaoe.^ secyid coil layer 123 Jscon^^ 
15 in a third msulation layer 125. The fhst, second, and third insulation layers are l e ieired 
I to in tiie art as an ''insulation stack". The coil layezs 12 2, 123 snd the first, second and 
titird insulation layers 116, 120 and 125 are sandwiched between first and second pole 
piece layers 124 and 126. The first and second pole piece layers 124 and 126 are 
ms^etically coiipled at a bock gap 1Z8 and have first and second pole tips 131 and 132 
20 which are separated by a write gap layer 134 at the ABS. In a merged head, the second 
shield layer 114 and the fiist pole piece kyer 124 would be a common layer. 

hi a conventional design, a buntp 136 is foimed on the write gap layer 134 to 
fomi a stitched stnicture. However, there are certain limitations on creating the bunip 
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136. One problem ^countered when attempting to foxm huiap 136 is that small 
variations of tbe bump 136 have a dramatic effect on the vrnte function. Particularly, if 

the bunip 136 is too tall in a direction parallel to the ABS. ihe amount of jfttynetic ^* 

material on the too of the bump wiU be reduced, 'Hie laige topography of a laige hmip 
height also makes if difficult to form th e track width of the second pole tip 132^ue ro die ^/ 
reilectiye light durinH the photolithography piQcesSr ff the bump * 
across the write gap occurs^ which in turn reduces write efficiency. 

What is needed is a stmctnre that has a height sufficient to separate the first and 
second pole tips 131 and 132, but at the same time not creating too much topography 
10 when the second pole tip 132 and second pole piece layer 126 are fbrmed. 

What is also needed is a bun^ structuxe tibat provides controlled PI saturation. 
What is fiirdier needed is a structure that has a reduced throat height to improve 
write efficiency for lower track width/write gap leosth used in future high density heads. 
What is still f^irtber needed is a bump formed usmg a dry process for good ihioat 
15 . height definition. 
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Summary of the IwvKNTtON 



The present invCTtion ^lows a ma^etic head ^^^ 
short tfaroat hctghL Narrow track widths and sho rt throat heights will be required bv 
future lonflitadirtfll write heads as described in Yfmin et at TMRC 2003. Santa aara 

WniYCTsity. 

According t6 One embodimeftt of the ^res^it inventioiL a head has an air bearing 
surface (ABS) and a iSrst pole tip. A second pok tip is spaced apart fiom and fiicing the 
10 upper end of the first pole tip across a write gap. A bump extends into a portion of the 
upper end of the first pole tip and a portion of the bottom surface of the second pole t'p, 
die bump being positioned away from the ABS. Hie bump defines a throat height of the 
first and second pole tit> s with substantially leas topography than was heretpfore known. 
This reduced topography makes pole process more robust for P2 track width conifol. 
15 Also, sufficient separation is Created between the first and second pole tins u\ the bump 
region to ensure suflficient maanetic separation in a short effective throat height. 

The bump may have many shapes, such as a generally circular shape, a generally 
oval shape, a generally triangular $hapc, or a generally trapezoidal shape with or without 
an end tapering (rounded or angled) towazds the pole dps. In one embodiment, the bump 
20 is relatively short In anothw embodiment, the bump extends in a directtmi away from the 

I ABS Jbut before di^ back g^p «>f ft?.!P.?Sn?tic he?^^ 

The bump is eonstntcted of a nomnagnetic material such as alumina, a 
I nonmagnetic metal (electrically conductive or nonconductive^ and/or cured photo tesist 
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Prefisnbly, the bump is foxmed using a dry process sudi as by jasuSBLdepositicn 

a dry vmeesti of burnn famarim Provides an ailvaatage in position controL resultinB in 

better throat controL which ia critical ferahmtthmrt hmflfat writefl. 
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Brief IIescripton of theDrawcngs 

For a fiiller understandiDg of the nature and advantages of the present mveation, as 
5 well 93 the preferred mode of nse, refinance should be made to the foDowing detailed 
description read in conjunction with the accompanying drawings. 
FIG. 1 is a partial view of a magnetic head« 

FIG. 2 is a partial ABS view, not to scale, of the slider taken along plane 2-2 of 
FIG. 1 to show the read and write elements of fte magnetic head 
10 FIG. 3 is a simplified system diagram of a magnetic disk drive system in accordance 

with one embodiment 

FIG. 4 A is a side cross-sectional view of a magnetic head according to one 
embodiment. 

^^• [ Pofimttuwl! Fonb Bold | 

pole. 

¥IQ, 5^ is a side cross-sectional view of a magnetic head according to one 
embodimeEit. 



15 



Fonnattedi Fonts Bold 

HG.ff is a side gc^js^^ view of a mafuietic head having a sinerle layer uppar '' 

pole. 

20 PIG. <f is a side eross-sectional view of a stnictiire during the formation of the head of 

j Fia4A. 

FIG. 7 is a side cioss-^ectional view of a stxucture during the formation of the head of 
I FIG.4A. 

HmP021/HSJ9.2003.0069USl 



PAGE 31/SrRafDAT11/10/2IIOS5:44:19PM [Eastern Sb^^^ 



NOV. 10. 2005 2:59PM ZILKA-KOTAB, PC NO. 0913 P. 32 

-7- 

FIG. 8 is £1 ade cigss-sectional view of a structure during the foimatioii of the Head of 
FIG,4A. 

no. 9 is a side cross-rectiozial view of a structure during the foxmation of die head of 
I no. 4^. 

5 no. 10 is a side ctoss-sectional view of a stxuctuie duiing the fbmation of the head 

j ofFIG.SA. 

FXO. 11 is a side cross-sectional view of a structure during the formation of the head 
I ofnO.SA- 

FIG. 12 is a side cross-sectional view of a structure duiiz^ the fimnation of the head 
10 I OfFIG.SA, 
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Best Mode for Carrying Out the Bwbwttqn 

The foUowiDg description is tbe best exnbodimoit presenfly co&ten^Iated for 
5 carrying out the present inventJon. This description is made for the purpose of illustrating 
the general piinciples of the present invention and is not meant to linodt the inventive 
concepts claimed herein. 

Referring now to FIG. 3, there is shown a disk drive 300 embodying the present 
inventioii. As ^oivn in FIG. 3, at least one rotatable magn^ disk 312 is supported on a 
10 spindle 314 and rotated by a disk drive motor 318. The magnetic recording on each disk ' 

Deleted; caoMnriT 

is in the fonnof an annular pattern of^^^ txdicka i^^ 

At least one slider 313 i$ positioned near the disk 312, each slider 313 supporting 
one or more magnetic readAvrite heads 321 . As the disks rotate, slider 313 is moved 
radially in and out over disk surface 322 so that heads 321 may access different tracks of 

15 the disk where desired data are recorded. Each shder 313 is attadied to an actuator arm 
319by;¥ayof asuspoDfii^^ 315 pn3vide8 a sUgiht spring force which 

biases slider 313 against the disk surihce 322. Bach actuator aim 319 is attached to an 
actuator means 327. The actuator means 327 as shown in HQ. 3 may be a voice coil 
motor (VCM). The VCM comprises a coil movable withm a fixed magnetic field, the 

20 direction and speed of the coil movements being controlled by the motor cuxient signals 
supplied by controller 329. 

During operation of the disk stoiage system, the rotation of disk 312 generates an 
air bearing between slider 313 and disk surfiice 322 which exerts an upfward fbrce or lift 
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on tiie slider. The air bearing thus counter-balances the alight spiing fozce of suspension 
315 and supports slider 313 off and slightly above the HA sur&ce by at small, 
. substantially constant spacing during nonnal operation. 

The various components of the disk storage systwn are controlled in operation by 
S control ^gzials generated by control unit 329, such as access control signals and internal 
clock signals. Typically, control unit 329 comprises logic control circuits, storage means 
and a microptocessor. The control unit 329 generates control signals lo control various 
system qperatioiis such as drive motor control signals on line 323 and head position and 
seek control signals on tine 32fi. The control signals on line 328 provide the desired 
1 0 current profiles to optimaUy move and position slider 313 to ^e desired data track on 
disk 312. Read and ^ie signals are communicated to and from read/write heads 321 by 
way of recording channel 325. 

The above description of a typical magnetic disk Storage system, and the 
accompanying illustration of FIG. 3 are for representation purposes only. It should be 
1 5 apparent that disk storage systems may contain a laige number of disks and actuators, and 
each actuator may support a number of sliders. 

The present invention provides novel write head structures each with a new bump 
structure that reduces ^ flux leakage fr om an upper pole tip to a lower pole tip so fliat 
the optimal writing performance can be achieved at short throat hdght Jfhis n ew bump 
20 process can d efine^ throat heipht accyr^tely bv meyis of^ djgr jy^ceas^^^ 

structure also provides a height sufficient to separate upper and lower pole tips of the 
write head, while ai the same time minimizmg th^ topography ftv^r 
tip(s) and pole(s) are formed, resulting in greater writing effidcaicy and track width 
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caatrol. The new bump stninure fui&er pzovides controHed P I eatuiation wiffaout 
saciifldiig the soturatioii neoessaty fi>r efficient wnthig. The novel bump atnicture 

reduces fhe tiuoat lieight to nnprove write efficiency for.pafryw track wi dth and thji^ 

write gap lengdi usable in cuirent and future high density heads. 

FIG. 4A is a side cross-sectional view of a magnetic head 400 according to one 
embodinoieKit. The head 400 inchides a write head portion 402 and a read head portion 
404, -die read head portion 404 employing a sensor 406. The sensor 406 is sandwiched 
between nonmagnetic electrically insulative first and second read gap layers 40S, 410, 
and the read gap layers are sandwiched between ferromagnetic first and second shield 
10 layers 412, 414. Tn response to external xnaguetic fields, the resistance of the sensor 406 
changes, A sense cuiient Qt) conducted through the sensor 406 causes these resistance 
changes to be manifested as potential changes. These potential changes are then 
piDcessed as ireadback signals by processing circuitry. 

The write head portion 402 of the magaetie head 400 includes a fiist coil layer 
15 422 embedded in a fiist insulatian layer 416. A second msulation laver 420 is employed 
to ptanarize the second nole tin snrfaoe B oihat the second ooll laver can be formed on a 

flubatantiallv planar siirface^^A. segond cm^^ is mbedded in a dlird 

layer 425. The coil layers 422. 423 and the first, second and third insulation layers 416, 
420, 425 are sandwiched between lowar and upper pole piece layers 424, 426. The lower 
20 and upper pole piece layers 424, 426 are magneticany coupled at a back gap 428 and 
have lower and upper pole tips 431, 432 which are separated by a write gap layer 434 at 
the ABS. In a merged head» fhe second shiekl layer 414 and the first pole piece layer 424 
would be a common layer. 
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A bump 436 is foimed such ihat it extends into ft portion of the upper and icar 
ends of Hie pole tip 431 as well as into a portion of the bottom and rear ends of ihe 
upper pole tip 432. The sunken placement of the bump makes the topography very low 
while keeping back regions of the uppet and lower pole tips 432» 431 separate. 

Because the bump extoids into the back edges of the upper and 1q wer pole tips 
432, 431, the throat height TSL of the upper and lower 3X)le tips 432, 431 is defined by the 
burt^. The throat height is particularly inv)0Ttant to define jvriter efficiency particularlv 
f» high tracfca-peP-inch (T?T\ narrow nole width application. If Ihe upper pole tip is very 
long in a direction perpendicular to ^e ABS, field fiom the i^>per pole tip will leak 
10 into the lower pole tip, resulting in a weak field. If the field is too weak, it will not be 
able to create the nuignetic transition on the disk. If the upper pole tip is too short, 
saturation of Ae field occurs. In other wotxfa, the field spreads out creating a broad 
transition width, which in turn creates side writmfi that can make high density recording 
impossible. 

. 4A« S»?gaMHffPffiBRl9JK , teft^l';i , g?fil^^^^ 

FIG. 5 illustrates an ahemate eixibodtment 500 in which the bump extends away 
from the ABS about to the back gap 428. 

FIG. SB flhi strates a stogie coit design SSO. The structure is similar to thai of FIG. 
20 5A. Bxcetrttheupper pole 552 is a single layer. 

The structures shown in FIGS. 4 A-B and 5A-B are presented by way of example 
only, and the bun^ design can be irnplemented in Dther t ypes of writer;^ 
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Preferxed materials from wHch fhe bump can be canstmcted include alumina, 
I sIHcon dioxidew c ured resist, & nomtiftgnetio Rietal» or otbernomnagneb'c material, whicli 
can be electrically conductive. 

The bump may be created by any suitable methods as will be understood by those 
5 skilled in the art. Follotving are several illustrative methods that can be used to form the 
bump. 

FIGS. 6-9 graphically illustrate one ilhistrative process for forming the structure 
shown in FIO. 4. In process, Ihe bump is defined before the write gap layer. 

Refening to FIG. 6. the head 400 is formed up to "die fiiTt coil layer 422 and lower 
10 pole tip 431. The lowexpole tip 431 and remaining structure are planaiized such as by 
chemical meG^anical polishing f CMFl wWi a CMP stopper laver 450. Note that tf\e CMP^ 
stot}DeT layer 450_mav_not be required depending on the method of choice in forminjg the 

cQil^the lower pole tip, and the CMP process,^ bila^ r^ist 4^^^ m wided alwve t^^^ ^ 

CMP stopper layer 450 and patterned to expose die bump region 454 and define the 
15 throat height XH. The structure is ion milled to form a void in the bump region 454, 
creating the stmctuie shown in FIG. X As shown in FIG. 7, the tall resist 4S2 causes 
Shadowing, which in tum causes die exposed material in the middle of the bump region 
454 to be removed faster, resulting in a generally hemispherically shaped void. Note that 
I a portion of the lower pole tip 431 is removed^ 
20 Referring tp FIG- 8, the bump region 454 is filled with alumina or other 

nomn^etic materia), such as by sputter deposition. Again, the tall walls of die resist 454 
create shadowing, resulting in more material being deposited in the middle of the bump 
region, giving the bump 436 an oval sh^.^ 
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As shown in FIG. 9, the CMP stopper layer 450 i$ leinoved such as by reacstive 
ion ctefamg (klE)» md the resist 452 is removed preferably using a liftoff process. Light 
polishing may also be performed to remove any fencmg remaining horn the deposition 
step. Hie write gap layer 434» a seed layer 456 for plating, the upper pole lip 432 and the 
5 second insulation layer 420 are formed and ^e structure is again planaiized. Then the rest 
of the writer is formed to create the structure shown in FIG. 4. 

FIGS. 10-12 graphically illustrate an illustrative process for fbmiing the structure 
shown in FIG. 5. In this process, the bump 436 is defmed after the write gap layer 434 is 
fomied. 

10 Referring to FIG. 1D« the head is formed up to the lower pole tip 431 and first 

inflation layer 416. A write gap layer 434 is formed above fte lower pole tip 431 and 
first insulation layer 416. A CMP stopper layer 470 is formed above the write gap layer 
434. 

As shown in FIG. 11, a bilayer photoresist 472 is foimfid and patterned above the 
1 5 CMP stopper layer 470. The structure is milled to create a bump region. Then the bump 
436 is formed in the bump region such as by deposition. The resist 472 and CMP stopper 
layer 470 are removed and die second pole tip 432 and second ksulation layer 420 are 
fonued above the bump 436/write gap Uiyer 434, as shown in FIG. 12. Then the rest of 
the writer is formed to create the structnre shown in FIG. 5. 
20 While various embodiments have been described above, it should be understood 

that ihey have been presented by way of example only, and not limitation. For example, 
the structures and methodologies presented herein are generic in their application to all 
I write heads mobile, desktop and server disk dnve^ ThiiB^.1he brcad^^ 
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prefened embodiment slwuld not be limited by any of the above-described exemplary 
enibodiiQents, b«t should be defined only in accordance widi the following claims and 
tbeireqMvalaits. 
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CLAIMS 

What 13 claimed is: 



1 1 . A magnetic head having an air beaiing smface (ABS), comprising: 

2 a first pole tip having an upper end; 

3 a second pole tip having a bottom end spaced apzrt fifom and &cing Ae upper end 

4 of the first pole tip; and 

5 a bump extending into a portion of the upper end of the fiist pole tip and a portion 

6 of the bottom end of the second pole tip, the bump being positioned away 

7 from the ABS, 

1 2. TheheadasTecitedinckini 1, wherein the bump defmes a throat height of tiie 

2 first and second pole tips. 



1 3. Ihe bead as recited in claim U wheiein the bump has a generally circular shape* 

1 4. The head as recited in claim 1 , wherein the bump has a generally ovil shape. 

1 S. The head as teciied in claim 1 , v^ierein the bump has a generally trapezoidal 

2 shape. 
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1 6. The bead as lecitod in claim 1» wherein the bump tapers togethOT 

2 ABS. 

1 7. The head as recited in claim liwlierein the buoip extends in a dir^ 

2 from the ABS about to a back gap of (he magnetic head. 

1 8. The head as recited in claim 1 , wherehi the bump is constructed of a nonmagnetic 

2 material. 

1 9. The head as recited in claim 8, wheicin the bunqp is constnic^^ 

1 10. The head as recited ui claim 8, wherein the bump is constructed of a nonmagnetic 

2 metal. 

1 11. The head as recited in claim 1 0, wherein the nonmasnetic metal is electrically 

2 conductive. 

I 12. The head as recited in claim 8, wherem the bump is constructed of cured resist. 

1 13. The head as ledted in claim 1, wherein the bump is fbimed using a dry process. 

1 14. The head as recited in claim 1 3, wherein the bmnp is formed by deposition. 
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1 15. A magnedc head having &adfbeartag9iu&ce(ABS), 00119^ 

2 a &st pole tip having ani^er end; 

3 a second pole tip having a bottom end spaced apart from and tacing the upper end 

4 of Ae first pole tip; and 

5 a bump extending into a portion of the upper end of (he first pole tip and a portion 

6 of the bottom end of the second pole tip, the bump being positioned away 

7 fiom the ABS, the bnmp being constructed of a nonmagnetic material, 

8 wherein the bump defines a fliroat hdght of the first and second pole tips* 

1 16. The head as recited in claim 15, wherem Ifae bump has a genmlly circular shape. 

1 17. The head as recited in claim 1 5, wherein the bump has a generally oval shape. 

1 1 8, The head as recited in claim 1 5, wherein the bump has a generally trapezoidal 

2 shape. 

1 19. The head as recited in claim 1 5, wherein the bump tapers together towards the 

2 ABS. 

1 20. The head as recited in claim 1 5, wherein the bump extends in a direction away 

2 from the ABS about to a back gap of the magnetic head. 

1 21. The head as recited in claim 15, wherem the bump is constructed of ahmndna. 
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.IS. 

1 22. Tbe head as recited in claim 15»>Riieremtiiebu^ 

2 nomn^eUcmetaL 

1 23. The head as recited in claim 1 5» wherem the bump is constructed of cuied resist 
I 24. The head as recited in claim 1 5, wherein fhe lamnp is fonned using a dry process. 
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Wm E HteAD Design With Improved Bump 
Control Write Saturation 



ABSTRACT 



A magnetic head having an air bearing sui&ce (ABS) and a fiist pole tip. A 
secoYid pole Hp is spaced apart from and facing the upper end of the first pole tip across a 
write gap. A bump extends into a portion of the upper end of the first pole tip and a 
pofrtion of the bottom end of the second pole tip, the bump being positioned away from 
the ABS. The bump defines a throat height of the first end second pole tips. 
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